CAC PHUONG PHAP QUAN TRAC VA XAC PINH CHUYEN V]
TRU THAP CAU DAY VANG CUA HE THONG QUAN TRAC
CONG TRINH CAU (SHMS)

Lwong Minh Chinh'

Tém tit: Hé thong quan trac céng trinh cau ddy vang la mét hé thong phirc tap, dwoc tich hop
nhiéu céng nghé tién tién nham quan trdc giam sat trang thai cong trinh lién tuc trong thoi gian
thue. Cong nghé GPS la mot trong nhitng cong nghé duoc ap dung voi muc dich giam sat cac dao
dong va bién dang cia cong trinh. Nhung véi gid thanh cao, gidi phdp nay c6 thé dwoc thay thé béi
cdc cam bién do goc nghiéng véi dé chinh xdc tiwong dwong nhung véi gia thanh ré hon t6i ca chuc
lan. Yéu t6 kinh té la mot yéu té quan trong can dwoc leu y doi véi viéc thiét ldp mot hé thong quan
trdc céng trinh véi nhitng cau ddy vang dang trién khai & mede ta. Qua bai viét nay tac gia dua ra
nhitng so sanh va danh gid do chinh xdc gitt hai cong nghé nham xdac dinh bién dang va dao dong
cia tru thap cau ddy vang.

Tir kh6a:GPS/GNSS, SHMS, hé théng quan tric cau, cau ddy ving, cam bién goc nghiéng

1. GIOI THIEU CHUNG VE HE THONG GPS

Hé thdng GPS (Global Positioning System)
dugc thiét 1ap mang ludi vé tinh trong khong
gian bao quanh trai dat dé cung cip thong tin vé
vi tri va thoi gian & moi Iuc, moi noi trén trai dat
va trong moi diéu kién thoi tiét. CAu tric cua hé
thong nay bao gom 3 doan hoat dong:
+ khong gian (Space segment),

CR)

*,

% diéu khién (Control segment),
« str dung (Use segment).

Hinh 1. M6 phong cac vé tinh trén quy dao

! Trueong Pai hoc Thuy lopi

Hé théng GPS nhén hé toa do thé gigi WGS-
84 (World Geodetic System 1984) lam co s&
hoat dong.

V¢ tinh phat ra cac tin hiéu bao gém Vi tri
ciia ching, thoi diém phat tin hiéu. May thu
tinh toan dugc khoang cach tu cac vé¢ tinh,
giao diém cta cac mit cdu co tdm la cac vé
tinh, ban kinh la thoi gian tin hi€u di tur vé
tinh dén may thu x véan tdc song dién tu 1a toa
do diém can dinh vi. GPS 1a mot hé thong
gém 27 v¢ tinh (24 v¢ tinh hoatdong va 3 v¢
tinh du phong) chuyén dong trén cac qiiy dao
chung quanh trai dat (hinh 1).

1.1. Tin hiéu GPS

Céc vé tinh GPS phét hai tin hiéu vo tuyén
cong suat thap dai L1 va L2 (dai L 1a phan song
cuc ngin cia phd dién tir trai rong tir 0,39 t6i
1,55 GHz). GPS dan su dung dai L1 voi tan
1575.42 MHz trong dai UHF. Tin hiéu truyén
truc thi, c6 nghia l1a chung sé xuyén qua may,
thuy tinh va nhya nhung khéng qua phan 16n
cac ddi twong cing nhu nai va nha.Tin hiéu
GPS chira ba mau thong tin khac nhau — ma gia
ngau nhién, dir lidu thién vin va dit liéu lich.

1.2. P chinh xac ctiia GPS

Céc may thu GPS ngay nay rat chinh xéc,
nhd vao thiét ké nhiéu kénh hoat dong song
song cua ching. Cac may thu GPS c6 do chinh
xac trung binh trong vong 15 mét.
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Bang 1.1 Céac tin hi€éu GNSS hién nay va
dwgc dé xuét (Mhz)

Srstem LI/EIENE] | L2/B] L3/E5 | EwE3
Grs 157540 776 xS
GLONASS | 1398063 - [132.038 -
1603375 [14%.675
Galilewr 15712 117645, | 127473
120714
1191795
Comipass 1561 095, AL 117645 | 126852
157542,
1350742
0735 157542 776 117645 | 127403
SEAS 1575 42
OmmiSTAR | 1323 - 1360
and U DGPS

Céac may thu moi hon véi kha nang WAAS
(Wide Area Augmentation System) co thé ting
dd chinh xac trung binh t61 dudi 3 mét. Khong
can thém thiét bi hay mat phi dé co duoc loi
diém cia WAAS. Nguoi ding ciing ¢ thé c6 do
chinh xéc t&t hon véi GPS vi sai (Differential
GPS, DGPS) sira 18i cac tin hiéu GPS dé co do
chinh xéc trong khoang 3 dén 5 mét.

2. CACH HOAT DPONG CUA TRAM
THU GPS

Tram thu GPS thuong bao gdm nhiing thanh
phan sau:

e Ang ten thu song,

e Thiét bi thu song radio tu v¢ tinh,

e Thiét bi chuyén dbi tin hiéu radio,

e Modem hoic thiét bi truyén dir liéu (dé
tmyén cac dir liéu thu thap dugc tur cac vé tinh
dén cac serverdé co thé thuc hién céc tinh toan),

e Thiét bi cung cap dién ning (cé thé 1a pin
nang luong mit trdi hodc ac quy).

Chuan déng hd
Ex-RT

Chuin NMEA 1083
$GPRMC+PPS

Chuan ddng hd

Tin hiéu DCF77

Tin hieu gio

|-
»

Hinh 3. So do cdu tao ciia mét tram thu GPS

Cong viéc cua mot tram thu GPS la xac
dinh vi tri cua 4 v€ tinh hay hon nira, tinh toan
khoang cach tu cac vé€ tinh va st dung cac
thong tin do dé xac dinh vi tri cua chinh no.
Qua trinh nay dua trén mot nguyén 1y todn hoc
don gian, ta c6 3 (hoac 4) mat cau giao nhau
tai mot diém.

2.1. Xac dinh khoing cach dén vé tinh

Bing cach phan tich song dién tir tan s6 cao,
cong suét cuc thép tr cac v€ tinh, cac tram thu
GPS tinh toan ra dugc hai thir trén. Cac tram thu
chuyén dung c6 thé thu nhan tin hiéu cia nhiéu
vé tinh dong thoi. Séng radio chuyén dong véi
van toc anh sang, tirc 1a 300 ngan km/gidy trong
chan khong. May thu cé thé tinh toan duoc
khoang cach dya vao thoi gian can thiét dé tin
hiéu dén dwoc may thu.

2.2. Xac dinh vi tri ctia v¢ tinh

Saukhi da biét khoang cach roi, chung ta con
phai xac dinh vi tri chinh xac ctia cac vé¢ tinh
trén qui dao. Piéu nay ciing khong kho 1am vi
cac vé tinh chuyén dong trén cac qui dao biét
trude va co thé du doan dugc.Trong by nhd cla
moi may thu déu c6 chira mot bang tra vi tri tinh
toan clia tt ca cac vé tinh vao bat ky thoi diém
nao goi la Almanac.

3. UNG DUNG HE THONG GPS
TRONG HE THONG QUAN TRAC BIEN
DANG CONG TRINH - SHMS

Hé thdng quan tric cong trinh xdy dung,
trong d6 co ca cac cong trinh cau l1a dé tai cia
nhiéu nghién ctru. Hé thdng giam sat tric dia
cong trinh 1a mot phan cua hé thdng quan tric
cong trinh.Khac véi cac cong tac kiém tra
dinh ky cong trinh thi hé thong quan tric giam
sat cong trinh mot cach lién tuc trong thoi
gian thuc, thu thdp va cung cip cac dir liéu
chinh x4c vé cac trang thai két ciu ciing nhu
chuyén vi va bién dang cua cong trinh, gitp
chung ta dam bao cong trinh dugc khai théc
mot cach hi€u qua. Viéc ung dung cong nghé
GPS trong xac dinh chuyén vi va bién dang
cong trinh véi d6 chinh xac lén dén vai
milimet. Diéu nay cho phép chiing ta xac dinh
duoc cac chuyén vi va bién dang nho cua
nhitng coéng trinh cau 16n. Nhung hé théng
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GPS ciing c6 nhiing giéi han nhét dinh, chang
han GPS bi han ché mot phﬁn boi da duong
dan va do truot chu ky, tan s6 dit liéu twong
ddi thap, ciing nhu GPS yéu ciu phai c6 do
phu séng tot cua cac vé tinh.

3.1. Céc xdc dinh chuyén vi ciia céng trinh
bang hé théng GPS.

Vé co ban thi cac tram GPS ung dung trong
quan tric dugc chia 1am 2 loai:

e Tram luu dong (dé do dac) — rover station

e Tram cd dinh (dé so sanh) — reference
station.

Ve tinh1

19N
f/ RN
1 NI

Vé tinh 2

—

Tram thu GP$§
co dinh

Tram thu
GPS
Iwru dong

véc to chuyén vi

Hinh 4. Phirong thire do chuyén vi bang hé
théng GPS

Viéc xac dinh toa d0 dugc thuc hién béng
cach léy chiéu dai cac véc to cia tram cd dinh
trir di chiéu dai cac véc to cta tram luu dong dé
xac dinh chiéu dai véc to gilia tram ¢b dinh va
luu dong. Cac toa do nay sé duoc xac dinh va
tinh toan cho mdi chu ky do (1an do). Bing cach
nay cac chuyén vi cua cac vi tri do dac dugc xac
dinh bﬁng hiéu sb cac toa do cta cac véc to cho
mdi chu ky do so v6i toa do ban dau (hinh 4).

Hién nay cac cong trinh cau 16n & Viét Nam,
dic biét 1a cac cau day vang nhu ciu Can Tho,
tién t6i 1a cau Vam Cdng, cau Cao Lanh déu
dugc lap dit cac hé théng quan tric trang thai
két cau cong trinh — SHMS (Structural Heath
Monitoring System) trong thoi gian thuec.

Bang 3.1. S6 lwong cac tram GPS/GNSS ap
dung cho mt s6 ciu diy ving & Viét Nam

2 Tram dong
n Tong ‘A Tram
Cau P Tru Dam R
So ; , tinh
thap chinh

Can Tho 10 | 443 2 1
Vam Cong* 4 2 1 1
Cao Lanh* 9 442 2 1
% theo ho so thiét ké

3.2. Cong nghé GNSS trong quan tric
chuyén vi cong trinh

Hé thng quan tric cong trinh ap dung cong
nghé do dac GPS/GNSS trong thoi gian thuc
cho phép xac dinh cac chuyén vi va bién dang
ctia cong trinh v&i d chinh xac dén timg cm.

Hé thng quan tric cong trinh ap dung cong
nghé GNSS giai quyét dugc hai van dé chinh:

e Thir nhit — dam bao duoc cong tac do dac
va tric dac cong trinh trong sudt thoi gian thi
cong, xay dung cong trinh.

e Thir hai — cho phép xac dinh d6 chinh xac
va chit luong thi cong cua cong trinh sau khi
hoan thanh so véi thiét ké ban dau.

CICICICRT

Hinh 5. Bé may thu Topcon
LEGACY-E [TOPCON]

4. PQ CHINH XAC CUA HE THONG
GNSS TRONG QUAN TRAC BIEN DANG
TRU THAP CONG TRINH CAU DAY VANG

Theo két qua tinh toan trong nghién ciru [6]
thi sai sb trung phuong phuong dimg ciia mot
lan do gan bang ¢ = £9mm, voi do tin ciy 20
thi c6 thé ap dung vao thuc té dé giam sat do
chuyén dich theo phuong ding cua cac cong
trinh chiu tai trong dong c6 do dich chuyén
16n hon 18mm. Con dbi voi cac cong trinh ¢
d6 chuyén dich nho hon 18mm thi thiét bi s&
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khong phat hién dugc, day chinh 1a nhitng han
ché ctia GPS.

Leica GeoSystem hién nay cung cap 3 loai
ang ten thu tin hiéu vé€ tinh véi d chinh xac
rit cao, bao gom ARI10, AR 20 va AR25

(bang 4.1).

Bang 4.1. GPS Phase centre offsets and

cong nghévi cohi¢n nay da cho phép tao ra
nhimg bdocam bién (sensor)dugc ing dung rong
rdi trong cudc song. Cac bocam bién siéu nhova
rat tién ich nay da thay thécho cac thiét bi do
ciiky, cong kénh trude day.

5.2. Vi cdm bién gia toc

Cam bién gia toc 14 mot thiét bi vi co dung
dé do gia téc va duoc ché tao theo cong nghé

5. UNG DUNG CAC CAM BIEN PO
GOC TRONG XAC PINH BIEN DANG
TRU THAP CAU DAY VANG

5.1. Tong quan vé cong nghé MEMS

Vao thékyXX, cac thiét bi dién tir dugc tich
hop véi sdlugng ngay cang 16m, kich thudc ngay
cang nhova chiic ndng ngay cang dugc nang
cao. Piéu nay da mang lai su thay ddi sdu sic
vémat cong nghé. Vao cudi nhitng nim 50 cua
thék}’/XX, mot cudc cach mang hoa Vécc”)ng
nghémicro da dién ra va hira hen mot tuong lai
cho tat cacéc nganh cong nghiép. Héthong vi co
dién tar(Micro Electro-Mechanical Systems) viét
tat 14 MEMS da duoc ra doi va phat trién trong
giai doan ndy. MEMS bao gdm nhiing céu tric
vi ¢o, vi sensor, vi chap hanh va vi dién tircting
duoc tich hgp trén cung mot chip (on chip). Mot
thiét biMEMS thong thuong 1a mot héthong vi
cotich hop trén mot chip ma co thékét hop
nhitng phan cochuyén dong véi nhimg yéu
tdsinh hoc, hoa hoc, quang hodac dién. Két quala
cac linh kién MEMS c6 thé dap ung véi nhiéu
loai 16i vao: hod, anh sang, ap suat, rung dong
van tbc va gia tdc...Véi wu théco thétao ra
nhitng cAu tric cohoc nhobé tinh téva nhay cam,

dispersion MEMS cong nghévi co. D6 chinh 1a mot trong
nhitng san pham phong phu va da dang nhat cia
Antanna GPS frag Morth {mm)  East {mmj) Up {rmm) céng nghéMEMS_
ARZS L1 088 087 15936
L 012 .02 153.58 .
Dai I in hia
AR L1 014 ] 124 24 Rty Tin bigu
L2 001 .79 133.67 do durge 21T s
AR L1 1.2% 0.70 85 84 # Cam bién » khuéch
L2 052 0.15 8179 dai
Std(mm) 51 (mm) ___ Std (mm)
AR5 L1 042 038 055 Tin hie
L2 0,64 0.32 077 = ak'fg”
ARZD L1 0.37 0.25 063 .
- Tin h
L2 0.13 0.1 041 gV
ARAD L1 0.7 0.39 0.30 May tinh A/D
L2 0.53 0.17 0.7 <= Chggén
- |

-l

Paura
Hinh 6. So do mét hé do gia téc

Cam bién vi congdy cang nhanh hon, nhay
hon, nhehon, réhon va quan trong hon ca 1a cé
dotin cay rat cao so v&i cdc cam bién chétao
theo cong nghé dién tatrudc day.

Hinh 7. Cam bién gia téc vi co
(MEMS) ADXL202

Cam bién gia toc vi co dd nhanh chong thay
thécac loai cam bién gia tdc thong thuong trude
day trong nhiéu ung dung. Mot vai nhiing tng
dung dién hinhcta cam bién gia téc vi co trong
quan trac chuyén vi:
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e Cam bién goc.

e Dinh hudng 3D trong khong gian

e Phat hién va cham: cung cap nhiing
thong tin vé gia tc, van toc va do dich chuyén
gitp phan biét sy va cham va viéc khong xay
ra va cham.

5.3. Nguyén tic hoat dong ciia cam bién
gia toc

Gia toc 1a su thay ddi cia van tdc theo thoi
gian. Van toc dén luot no lai do su thay ddi cua
d6 dich chuyén theo thoi gian. Lyc trong truong
1a nguyén nhan gay ra gia tdc roi tudo va gia toc
nay bang 9.81 m2/s (1g).

Vecto gia tde

=

A, = Acos(
: o la qgc):c lech
theo truc x

Gia toe ké

Truc cam bién X

e Gia toc thudng dugc tinh thong qua luc
gdy ra gia toc d6 vi lyc lién hévéi gia toc theo
cong thuc:

F=m.a

F 1a lyc gay ra gia toc, m 1a khdi lugng, a 13
gia toc.

Céc thiét bidung dé do gia tdc phai xac dinh
dugc gia tricta luc tac dung 1én mot khdi vat thé
da biét trude.

e Mot cach tiép can khac détinh toan gia tdc
d6 1a: Gia tdc 1a dao ham cua van tdc theo thoi
gian. Van toc lai 1a dao ham cua dodich chuyén
theo thoi gian.

+++++++++-I-++ :

Hinh 8. So doé tu dién phdang cua
cam bién gia toc vi co

potepe A=‘1F FofE_LiCy,
2 v fr 2 x
coFL gy O ¥
-0 ¥
trong do:

g - khoang cach gitra hai ban tu dién

o - 30 dich chuyén cua hai ban tu

C - dién dung cua tu dién

E - ning luong hay dién truong gilta hai
ban tu

k - hang s6 dan hoi

FM - hé sépham chét

5.4. Xdc dinh chuyén vi tru thdp bang cim
bién goc

Pé xac dinh céc chuyén vi va dao dong cua
try thap cau diy ving ngoai viéc tng dung
cong nghé GPS/GNSS hién nay trén thé gidi
ciing ap dung mot phuong phap khac — do 1a
st dung cac cam bién goc nghiéng
(inclinometer) lap dit trén try thap. Co rat
nhiéu cam bién goc nghiéng véi do chinh xac
rat 16n 1én dén 0,001 deg, nhu inclinometer
CL-2 (Closed Loop Dual Axis Servo
Inclinometer) cua hang Level Development
(Anh) hay TSD — 232 Series cua Instruments
& Control Ltd (Israel). Ching ta thir lam mét
bai toan so sanh do chinh xac cua cam bién do
goc va GPS trén vi du chiéu cao tru thap cia
ciu My Thuan (116,5m). Theo két qua bao
cdo ciia “Cong trinh quan tric bién dang
ciu My Thuin Quédc 1§ 1 nim 2010” cia
Trung tam tric dia ban do bién thuc hién cho
Khu quéan 1y dudng bd 2 thi dao dong 16n nhét
cua tru thap dugc xac dinh 14 dao dong & thap
Tay bac véi gia tri 0,039m (3,9cm). Véi do
chinh xéc 1a 0,001deg cua inclinometer thi do
chinh x4c bang cm tinh cho cau My Thuan la:

11630 cm = tan (0,001 deg:l = 0,2033 cm & 2mm

Tir két qua trén cho thdy 1a dao dong do dugc
clia cau M§ Thuan hoan toan co thé xac dinh
duoc boi inclinometer. Vi @6 chinh xac té1 mm
nhu vay cac cam bién goc nghiéng c6 do chinh
xéc tuong dong véi cac thiét bi GPS va hoa toan
c6 thé thay thé ching trong viéc quan tric dao
dong cua tru thap.

KHOA HOC KY THUAT THUY LOI VA MOI TRUONG - SO 48 (3/2015) 61



Bang 5.1. Thong ké mét s6 cau ap dung cam bién géc*

STT Qudc gia Tén ciu Loai ciu Inclinometer
1 | Anh Qudc Humber Bridge Cau day vong Co
2 | Pban mach Faro Cau day ving Co
3 | Pan mach Great Belt Cau day vong Co
4 | Trung Quéc Humen Cau day vong Co
5 | Han Quéc Gwangan Cau day vong Co
6 | Han Qubc Nambhae Cau day vong Co
7 | Han Quéc Youngjong Cau day vong Co
8 | Trung Qudc Sutong Cau day ving Co
9 | Trung Quéc Stonecutters Cau déy ving Co
10 | Trung Qudc Nanjing Yangtze River Cau day ving Co
11 [Nauy Skarnsundet Cau déy ving Co
12 | Trung Qudc Zhanjiang Bay Cau day ving Co
13 | Han Qubc Seohae Cau day ving Co
14 |Thai Lan Rama IX Céu déy ving Co
15 |Han Qubc Jindo Cau day ving Cod

* Nguon: NeoStrain

6. KET LUAN

Hé thdng quan tric cong trinh cau diy ving
la mot hé théng phtc tap, dugc tich hop nhiéu
cong nghé tién tién nham quan tric giam sat
trang thai cong trinh li€n tuc trong thoi gian
thuc. Cong ngh¢ GPS la mét trong nhitng
cong nghé dugc ap dung vo6i muc dich giam
sat cac dao dong va bién dang cua cong trinh.

TAI LIEU THAM KHAO

Nhung véi gia thanh cao, giai phap nay cé thé
duoc thay thé boi cac cam bién do goc ghiéng
voi d0 chinh xac tuong duong nhung véi gia
thanh ré hon t&i ca chuc 1an. Yéu t6 kinh té 1a
mot yéu té quan trong can dugc luu ¥ ddi vai
viéc thiét 1ap mot hé thdng quan tric cong
trinh v6i nhitng cau diy viang dang trién khai
0 nudc ta.
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Abstract
MONITORING METHODS DETERMINE DISPLACEMENTS OF THE CABLE-STAYED BRIDGE
TOWER ON STRUCTURAL HEALTH MONITORING SYSTEM (SHMS).

Structural health monitoring system (SHMS) is complicated system, consisting a lot of modern
measurement technologies to determine technical conditions of cable stayed bridge in the real time.
GPS technology is one of most advanced technology used to monitoring displacements and
deformation of the structure. But a hight installation cost of this technology are often deterred and
can be replaced by cheaper inclinometers with a similar accuracy. The economic aspect is one of
the most important factors to be taken into design of such systems. Through this article the author
compares the different technologies can be used to monitor the movements of the pylon cable-
stayed bridge.

Keywords:GPS/GNSS, SHMS, Structural health monitoring system, cable-stayed bridge,
inclinometer.
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